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SUWMARY

This report covers the fabrication of two rigid foam plastics
shelters by spray application of plastic resins to the inside sur-
face of air-inflated molds. The first shelter was comstructed of
sprayed polyurethane foam *P.ith steel rib reinforcement. The second
shelter wasa coLstructed of sprayed glass fiber-polyester laminate
with sprayed polyurethane core.

The report conclides that the disadvantages of the spray method
of fabrication far outweigh the advantages.

i

L.I



11

-RIGID FOAM PLASTICS SHELX•S -

BY SPRAY APPLICATION TO AIR-SUPPORTED HI40LB

I. INTRODUCT0NI

1. Subject. This report covers the fabrication of two rigid
foam plasti se efleters at the U. S. Arxm Engineer Research and De-
veloyment Laboratories (USAEAL) by spray application of plastic
resins to the inside surface of air-inflated molds. The first
shelter, constructed of sprayed polyurethane foam with steel rib
reinforcement, was fabricated under contract by personnel of Raven
Industries, Sioux Falls, South Dakota. The second shelter, consist-
ing of sprayed glass fiber-polyester laminate with sprayed polyure-
thane core, was fabricated by persornel of USAEL.

2. Background. Military prefabricated buildings are normlly
produced in a fabricating plant and shipped to worldwide locations ii
for erection and use. Buildings such as the 20- by 48-foot straight
wall and arch rib Quonset types weigh approximately 11,000 pounds
and occupy approximately 240 cubic feet packaged for shipment. Pan- I
elized buildings, while not appreciably heavier, occupy three to
four times the shipping volume of these buildiigj however, the

arctic-type panel buildings are rapidly erectable under severe wea-
ther conditions. The impact of hauling heavy tonnage of building
panels was particularly felt during the construction in 1958-60 of
Camp Century, 135 miles out on the ice cap in Greenland. Polyure-
thane foam plastics solve the logistic problem by providing a world- -
wide-use building, considerably lighter in weight and fabricated of A

materials which are expanded in the field to reduce shipping volume
manyfold. Experience with foam plastics structures manifested their
many advantages; however, operations in field fabrication of panel
structures to date have been costly and time consuming. Sufficient I
possibility for reduction of both cost and time was indicated by so-
called inflated bag methods to warrant research along these lines.

II. INSVETIGATION

3. Raven Shelter. The Raven Shelter was constructed of poly-

urethane foam sprayed on the interior surface of an air-inflated
mold spread wver v steel framework.

__ a. Description of Shelter. T'he completed sheitcr ic a
one-piece foam structure 20 feet wide by 45 feet long by 10 feet
high at the center with an average thickness of 5 inches. Its enape,

r
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in section, is a true hemisphere with an outside diameter of 20
feet and a quarter sphere at each end.

The air-supported mold was fabricated of li-ouace
vinyl-coated nylon and could be stripped off the foam structure for
re-use. A zipper access door, blower tube, grommet base, and pres-
sure flap were also incorporatedL in the mold design. A flexible
steel cable was sewn into the perimeter of the air-supported skirt
and ground auchored with 4-inch arrowhead anchors. The requirement
of air transportability of the finished structure necessitated the
incorporation of an integral steel framework which would distribute
the four-point pick-up loading throughout the structure. The frame
consisted of a peripheral ring to which were attached six full
arches in the half cylinder section and two quarter arches in the
end sections with two purlins located 10 feet apart on the arches
and extending 25 feet in length. To provide for pick-up points,
four free-turn swivels were bolted to the purlins, one at each end.
Each arch in the half cylinder section was provided with a welded
base plate that extended inside the shelter periphery and served as
an anchor plate through which the structure could be ground anchored
with stakes. These ground anchor plates were used also as the
ancho: method for the finished structure. All the members were con-
structed of square steel tubing except the two purlins which were
fabricated from 5-inch steel pipe.

b. Description of Equipment. The polyurethane spraying
and pouring equipment was designed and manufactured by Raven Indus-

tries. It consisted of the usual positive displacement pumps,
metering unit, and hose to deliver the materiale to the spray gun.
The basic design philosophy of such equipment is one of minimal ma-

Sterial handling, thus the raw materials are pumped to the machine
from the original shipping containers. An axial flow fan for the
inflation of the mold was also provided by the Contractor. USAEDL
provided the power source consisting of one 10-kilowatt field gener-
ator cand one truck-mounted air compressor. An additional generator

* and compressor were available as standby in case of breakdown.

e. Fabricetion Technique. A cleared area was chosen for
the erection site as it offered the best location for the air trans-
portability test. The first part of the erection conuiteid of as-
sezbling the steel framework, starting with the base ring and subse-
quently proceeding with the arches (Figs. i through 4). A forklift
was necessary to position the two longitudinal purlins, due to the
excessive weight of these members. The air mold was spread over the
finished framework and secured at the ground with stake anchors.
The staking operation was difficult due to the nature of the terrain,

which was very dry and compact. The next phase of the fabrication
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n814 I
Fig. 1. Assembly of steel framework. (Subassembly of steel
arches on ground,)

°I

SH9818

- Fig. 2. Positioning of longitudinal purlir. with tbe belp of
a forklift.
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H9820
Fig. 3. End of purlin being bolted to steel arch. (Note
lifting hook for helicopter pick-up.)

H9824
Fig. 4. Zompleted steel framework.



H9691
Fig. 5.Air-supported mold and equipment used in sprayla g
operation. (Note that chemicals are pumped aireotly from •
containers (55-gallon drums).)

process consistedL of setting up and calibrating equipment and inflat-
ing the mold (Fig. 5). Spraying of the polyurethane foam against
the inside of the air-inflated mold followed. Two operators took
turns in the actual spraying operation while a third person stood
outside the inflated membrane keeping a check on the equipment. The
operators were provided with masks and safety respiratory equipment

S~while spraying inside the mold (rig. 6). A 2-inch layer of polyure-
S~thane foam was first deposited over the entire inner molid surface.

•. This was followed by another complete pass of about 3 inches, bring-
• ing the total thickness ok' the foam to about 5 inches. This wassufficient material to completely cover the steel framework.

(1) Mamn-Hours. The complete operation of fabricating
S•~he 20- by 45-foot polyurethane foam spray shelter, including-
•" t~he erection of the steel franeworkj laying out of equipment;
• spr,-adiag, inflating., and anchoring of the air mold; and spray-
__•Ing of the shelter, was done in seven 8-hour days. The Atu~l
•!• spraying required four 8-hour days. A total of 2,430 pounds
• (approximately five 55-gallon dx-ims) of polyurethane foam was

Sused.

,tI



H9688
Fig. 6. Spray operators wearing safety equipment. (Note sim-
plicity of spray gun.)

(2) StriEging of Air Mold. When the spraying opera-
tion was finished and the foam had cured overnight, the strip-
ping of the air mold proceeded. In order to unfold the skirt
or flaps of the air mold from under the shelter, it was neces-
saey to use two forklifts lifting simultaneously from each side
of the shelter until the flaps were brought to the outside.
The remainder of the skirt was loosened around the periphery of
the shelter by carefully prying under the frame with bars. A
cable was tied to the lower end of the air muld, and with the
help of a crane and two guide ropes, the final stripping of the
shelter was accomplished.

d. Air Transportability Tests. In order to couly with
the contract, the shelter was exposed to the following air transport-
obility tests:

(1) Crane Lift Test. The completeid shelter W-s
lifted from the ground by a crane with a cable sling attached
to the four lifting hooks provided in the frame. A visual
examination of the shelter revealed no signs of failure.



(2) Helicopter Lift Teat. The second teat was an
attempt to lift and transport the completed shelter with a
helicopter (Fig. 7). As the shelter was being lifted by the
helicopter, it started to spin an& had to be brought down.
One end of the shelter struck the ground, causing progressive
failure. The shelter was dams;;ed beyond repair, a and only the
structural framework could be salvaged (Fig. 8).

S. __ I=
j2625

J2623
t 'ig. 7. Helicopter transportability test.
Top: Take-off. Bottom: Landing.
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J26311

Fig. 8. Shelter after air transportability test.

4. EDL Shelter. Inflated bag stru=o-nes are becoming in-
creasingly popular for use as temporary storage and houslng. Con-
siderable research has been expended in developing methods of
rigidizing these structures, but practically all of this research
has been in rigidizing with various materials on the outside of the
air-inflated membrane. Since this is impractical in cold climates,
the intent in the approach discussed here was to perform these oper-
ations in the interior of an air-inflated structure being maintained
in the expanded pouition with heated air.

a. Description of Shelter. The building, as completed,

is a one-piece structure, the shape approximating a half hemisphere,
12 feet high and 20 feet in diameter, with the equator located 24
inches above the base line.

_ b. Descrigtion of Equipmnt.. The glass laminatingI
equipment is comprised of a spray gun and chopper head, two pressure
containers for resins, and a container for the reel of glass fiber

• ~roving. This equipment is mount-ad on a dolly as one compact unitwith a swinging boom to carry the fluid lines and glass roving to

the gun. In operation, the two resin components are delivered
through the lines by regulated air pressure to twin nozzles on the



spray gun. The resin components emerge from the nozzles and con-
verge on a stream of glass fibers which are simulaeously being out

an ejected from the same gun. When these two streams comingle,
they become reactive, and when deposited on a surface along wit the
chopped glass fiber and compacted, the whole hardens into a strong,
weathertiit skin. -

The foam spray equipment conslsts of two po3itive
displacement gear pumps with variable drive. The pumps are cali-
brated to deliver resin and prepolymer (foaming components) from the
reservoirs to a mixing chamber. At the mixing chamber, a high-speed
impeller blends the two components, and the material is discharged
as a re-%ctive mix. The chemical reaction is -.ontrolled by formula-
tion to expand the material approximately 30 times its original
volume within a desired time interval. The mixing head in this ap-
plication is designed to discharge the material into a secondary
turbulence chamber from which it is discharged as a spray. The for-
mulation used is one having a short reaction time, sq that the mate-
rial, when deposited on a surface, immediately expands to form a-
self-supporting foam.

The additional equipment used consists of blowers and
heaters for inflating the structure, air supply masks or helmets,
paint rollers, air compressors for masks and spray apparatus, lad-
ders, uolvents, and hygienic equipment.

c. Fabrication Techniqe._ The structure was fabricated
directly on the leveled ground wid anchored during construction by a
water ballast boot around the perimeter of the inflated membrane as
shown in Fig. 9.

ISO
__ _ __ _ __ _ __ _ _II

Fig. 9. Water ballast boot used to anchor structure.
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The fabl,' ating process consists of unfolding and
spreading the air-inflated plastic membrane over the floor area,
positioning the air lock, filling the ballast boot around the perim-
eter with water, and then inflating the membrane through a circular
opening in cne end. In order to maintain temperatures within the
membrane sufficiently high to facilitate proper cure and expansion
of the laninates and polyurethane, the air for inflating the mem-
brane is supplied by a forced air electric heater. The equipment to
be used on the inside of the structure is placed under the membrane
before Inflating, to avoid the necessity for transporting it through
thc air lock.

The interior surface of the membrane is sprayed with
glass fiber and polyester resin and compacted with rollers. As soon
as the polyester laminate has cured and become self-supporting, a
coat of sprayed polyurethane foam is applied. The polyurethane ex-
pands to a lightweight insulating material which, in turn, is covered
with another glass fiber resin laminate similar to the first. The
composite structure ends up as a lightweight, stressed skin structure
with high strength and Insulating value. Upon completion of the op-
erations, the membrane is intended to be capable of being removed
and reused, if desired, or may be left on the structure.

(I) Preparation of Area. Preparation of the site
consisted of clearing trees and leveling a space approximately
40 by 60 feet and then covering the leveled area with a 2-inch
layer of sand. Glass fiber-faced honeycomb panels, 3 feet by
L2 feeL by 6 inches, were fabricated and used as a floor. The
panels were supported on a series of stringers made of the sam
material. The floor was placed on the prepared area and cov-
ered with polyethylene film to prevent moisture penetration in-
to the paper core.

(2) Preartion of Equipment and Materials. The
equipment was installed on this floor, and the membrane and air
lock were positioned as required. The ballast boot was then
inflated with water to anchor the structure. This operation
was extremely difficua.t because the water flowing to find Its
own level rolled the ballast boot and forced it completely off
the floor. After several unsuccessful attempts to secure the
ballast in position with sandbags and by other means, the ele-
vated floor was removed a-nd operations proceeded directly on
the earth floor. Some adjusting and anchoring of the ballast
boot were still necessary because of unevenness of the ground.
The boot, being continuous, permitted the water to flow to the
lower levels and to empty completely in the higher elevations.
When the ballast boot was adjusted, an electric-powered



blower-heater wao attaehed by flexible hose to the air inlet
fitting provided for the purpose, and heated air was introduced
(Fig. LO). The heater supplied was found to be inadequvte in
both beat and air output, making it necessary to supplemnt

this with a gasoline-powered blower. This was considerably
more input than was originally expected to be required, but ex-
perience in later operations showed that a great volume of air
had to be evacuated a&d replenished in ord'r to clear tho area
of dust, mist, and funes. The amount of air necessary to main-
tain inflation of the structure during off hours was consider-
ably less.

J4013
Fig. 10. The air-bupported striActure fully inflated and ready for
the spraying operations. The plastic membrane consists of nylon mesh
with an inner facing of Mylar and an outec' facing of polyethylene.

(3) Fabrication Process. It was planned to simulate
as much as possible the envir7onpent that normally could be ex-
pected in a field of operation, with support from local facil-
ities :.ot exceedixg that which would be available in such areas.
For this reason, the project was scheduled during a cool month
SApril) so as to adequately evaluate -he practicability of
hcating the work area and maintaining working conditions in in-
c'.lement weather. Personnel had no prelimiznar training in this
operation but did have a background of plastics fabricating
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Fig. 11. The first opXmrtion spraying the base with glass fiber
and polyester to stabilize the ballast boot.

I

J4050
Fig. 12. Continuing the process of generating a self-supporting
skin of glass fiber polyester laminate. One operator is aepouiting
the laminate, and another operator is compacting the sprayed laminate
by rolling. (Note the heavier passes at the seams. This technique

wI

was nteded o lnd igidty y ceatig asuportig gid.
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technology. It was conneded #hat a minimum nucleus of semi-
trained troops would be necessary for similar operations in the
field. The equipment used was standard and was available from
commercial soarces. The necbrane and special apparatus were
deuigned for were instructed in
the assigned task and operated indepeadently of USIJML facili-
ties, drawing only electric power from line source and air from
a portable compressor. When the structure was stsbilized, the
glass laminating and foam dispensing equipment was prepared for
operation, and safety and hygiene equipment was readied for use.
It was expected, and soon became evident, that no operations
could be conducted without respiratory equipment for, he oper-
ators. The equipment used was Mine Safety approved full air
supply masks with air supply lines extending to fresh air pumps
or blowers installed outside the structure. Since it was real-
ized that the materials deposited on the interior surface, would
add even more burden on the air support blowers in order to
maintain inflation, the glass fiber laminate was deposited in
such a way as to rigidize the structure without appreciably
adding to the weight. This was done by spraying the glass
fiber polyester laminate in a grid pattern so as to form a
structural skeletul framework, when cured (Figo. i1 and 12).

At the same time, it became obvious that the
size of the inflated structure was such that the entire opera-
tion would consume a much greater man-hour effort than had been
anticipated. It was decided, therefore, to continue the opera-
tions only as far as the "spring-line" at one of the ends aud
to terminate the structure with a straighL closure wall on the
open end as shown in Fig. 13.

M
Fig. 13. Structure as modified,
with a straight closure wall on the
open eni.



The operations proceeded on this smaller area,
and the glass fiber laminate was depositie. over the enl;ire sur-
face and compacted by rolling the laminate with painit rollers.
Three mn were employed in this operation: One to spray, one
to tend equipment, and one to roll or compact the sprayed lam-
inate. When an average thickness of 1/16 inch of materia- had
been deposited over the desigaated area, this operation was
terminated and the polyurethane foam spra~y operation was coi-
menced (Fig. 14). The end wall closure was not fab-iccated at
this stage, so as to not restrict access to the processing
equipment while the major part of the structure was being
fabricated.

The optimum thickness of the foam layer which
would constitute the core is generally considered to be 2
inahes; however, in spray applications it is lifficult to
maintain a uniform deposited thickness, and the experience in
this case was that variations from 2 to 4 inches were dictated
by limitations of equipment and operator technique.

The expanded foam was built up as a core layer
over the previously 6eposited glass fiber laminate. In conuid-
eration of the minimum load-bearing capabilities of the struc-
ture at this stage, the polyurethane deposit was applied in
horizontal passes, beginning at the base line and progressing
toward the dome. This technique materially assisted in creat-
ing the strength required to support each successive pass.

After the polyurethane application was complete,
the second glass fiber laminate was applied in the same manner
as the first except that the compacting or rol.ing operation
was eliminated above the 5-foot height on the walls and roof.
This was necessary because of the extreme roughness of thq
polyurethane spray coat.

The end wall closure was then fabricated by
draping the opening with burlap andl spraying resin and glass
fiber and polyurethane foam, using the same procedures used in
the rest of the structure. An access door approximately 3 feet
b' 7 feet was ct out of the end wall closure as shown in Fig.

After the equipment was removed, and the mcm-
brane was stripped from the structure, the construction phase
of the proleat was zonsidered closed (Figs. 15 and 16).
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Si 'I
J4096

J40O94

Fig. 14. Polyurethane foam spray operation. (Note the uneven
buildup of tl.e sucoezsive passes with the gun.)
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K6456
Fig. 15. Closure wall and access door of completed buildina.

Kb457
Fig. IF. Completed builiing.
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d. Tests. The only purposeful tests on the sti:wture
"were considered o- e those of weatherability Lad aging. In this
regard, the evidence after . year shows that no visible change is
taking place except that the polyurethane foam is gradually darken-
ing in color due to the action of sunlight.

III. DISCUSSION

5. Raven Shelter. The basic concept of using expanded foams
as a structural material came as a possIble solution to the logistic
problem of having to ship heavy and bulky panels to remote areas at
great expense. The method of spraying foam against a reusable air
mold provided a suitable approach toward the solution of this prob-
lem, but other methods have proven more practical and economical.

a. Disadvantages of Spray Technique. The disadvantage.
of the spray method are as follows:

(1) Too many different pieces of equipment are re-
quired to do the job. The generator and compressor have to
operate continuously until the foam is self-supporting, other-
wise the shelter will collapse.

(2) High humidity affects the spraying operation.
In this test, spray operations had to be suspended because of
high humidity and resultant poor quality foam. It was deter-
mined that 75 percent relative humidity was the maximum allow-
able for spraying foam.

(3) The concentration of toluene diisocyanate (MI)
fumes released during the spraying operation constitutes a
health hazard (many foams do not possess this characteristic),
requiring the spray operators to be equipped with protective
mesks and respirator equipment, thus impairing the speed and
effectiveness of the operation.

(4) Although the air mold is reusable, it is neces-
sary to use an excessive amount of equipment such as forklifts,
cranes, and pry bars (not always available at a construtjon
site) to remove the air mold from the shelter.

(5) In this test, the quality of the foam obtained
from the spraying process was inferior, in many ways, to that
of straight poured foams. Although the density of the foam was
about 2.6 pounds per cubic foot, the compressive strength was
in the 20-pounds-per-square-inch range&, which is considered low.



There were sections in the ohelter where the foam was so iatu-
rated with water thet it could be squeezed out as from a sponge.
This condition probably accounted for the high coefficient of
thermal conductivity (0.63) which is considered much too high
for polyurethane foam. (See Appendix B, Haterials Branch Re-
port No. 9579-1.)

(6) The general appearance of the "t~eroir la uut
satisfactory for use of the shelter as personnel quarterij.
The spray foam leaves a rough finish which collects dirt and
is unattractive.

(7) After being stripped from the mold, the shelter
has to be covered with some protective s4in, alllng an extra
tie•-consuming step to the operation.

(8) A highly skilled crew is required to do this
fabriuation, and the rate of production is much slower compared
to that of the straight pour method.

b. Advantrges of Spray Technique. The advantagea of the
spray method are as follows:

(1) The air-inflatable mold offers a versatilo,
lightweight, low cubage pack for easy transportation, It is
reusable and can be constructed of different materials.

(2) By spraying on the inside surface of the air
mold, personnel engaged in the operation are provided protec-
tion from the weather.

Btructure which is free from joints, thus avoiding the use of

fasteners.

(4) The shelter can be adapted to various types of
terrain without necessitating special foundations.

6. MML Shelter. Insofar as possible, this experiment was
conducted under averag field conditions in order to observe power
requirements and to establish guidelines for fabrication techniques.
The work was done in the early spring and continued daily without
shutdown because of weather or teuperature.

The rate of production was considerably below that which
had been anticipated. This was partly due to the experimental nature
of the job and novel techniques but mainly because of problems with



materials, handling, equipment breakdown, maintenance of support
equipment, and operator's awkwardrness of manipulation when encumbered
with protective equipment such as air supply helmets * Some of the
problems were resolved, but other yroblems are little closer to so-
lution. For inst-mnce:

a. An air-supporte- bnilding becomes increasingly more
difficult to maintain in proper form as thc various sprayed materi-
als add their weight W tLe ±nflztea film or membrane.

L. R•e•e dless of air inpuL ur' t:xaust volume, it io ex-
tremely difficult to offactively scavenge the contaminated air from
the structure.

0. The BTU input required in cold climate to maintain
satisfactory working temperatures in the structure is in excess of
capacity of normal available equipment.

d. Spray appllimtion of foaming materials is wasteful
In that spray mist or overapray loss accounts for as much as one-
third of the materials used,

7. Conclusion. It is concludel that the disadvantages of the
spray method of construction far outweigh the advantages.

M&
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(b)9evelopment of field teobmiquas *ad moos of exan~diag Uw bulk
materials of Uigh denaity to form rigid lightweight Voels~ or @helter modules
that can be assaeblod into &helter& in the field vith a ziliww of sUhlad labor.

(c) Development of fabrication equipment amd all nasessam 2

accessory equipment for rapid preduotios of "aies or obelter, modules in the
field.

(2) Technical Characteristics: toe lebibit A

b. Amoroechi

(1) Inginsor roeercab and development work will be performed by the
technical staff of the BRnginserr Research and Development Laborctorius with
assistance from research and engineerring staffs of comamercial evippliero as needed.

(2) Ingineering reserarh cand studies will be undertaken In the follow-
ing areas to determine the mostsuciitable mane of satisfying the *meall
military requiremonta:

(a) Developmet of foo plastics, bone~emb. or other type of
suitable materi~als wbich my~ be shipped In high density low bulk packages,
stored in all ewviroointsc, and e*Wanid at the cosatruition cite to bern
rigid, lightweight, economical shelters or buildings.

(b) •ortable field fabricatio equipment.

(a) Toechniques of fabricating shelters in all climates.

(d) Methods of reinforcing *bolter core maeterials to produceI
high-strength, stresed-kitn structuares capable of euataininge frces produced
in are. where high snow and wind loed. ane encountered,

(a) Developme t of structural design criteria for structures
fabricated of reinforced rigid foom plastic or other lightweight core materials.

(f) Design of sheltere end buildingp in consonance with the
concept which my be produced end erected at a very high waet undar field
co)diticoc with a minimiu of vcukilled Labor.

(ab )l Cato ot the thglnser teta 9f pilot labera old
fabrication equipment,4 inhe sok Stechniques, willlbe pc tdem the
general euitability end to determine necessr modifications prior to sbmittal
for user tests. Drawvilng nd purchase descriptions shell be modified to ref
the esquiment passing the tests.

~dW 6 2h ee I
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(4) Ser-its tent *qvip~ent shall thec be procirred and futaisbow to the
weapomms yst"S or applIcatioa for which the equaipment was dmwlop&4.

(3) After all taste anid necessary revLsiona of the equipme19t Kfiav@ tien
accomplished. cosipete drawirngs ad specifications will be prevared, togam1her with
reeommndations regardiP4 classification~ actiou on thbe equaipurnt dewelope~d.

c. le"jI Not applicable

d. Oowdfiagtod Vest Plan CCM)t

Coordination will be sade with the U. 8. Arm Test and 3yivaautioqt Test-
tog Ageac to comoection with the engineering-smrice test phase.

(1) Icientific Resurobi None

(2) Referencet None

(3) Diacmg~on:

Agencies Interested In this project, with which iliaiso will he
sinsitatued s&d which will be furnished coopise of repots oa the project are
UIACMARC, Yedical Corps and Quarteruaster corps.

D D, 613 c 90"Ch es 9o.*. UsIa. W-e is 66646 PA 3 op PAG
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XhIBIT "A"
TEMIQAL CHARACTERISTICS FCR

RIGD FOAM PLAnIC SM=LTSr

1. The rigid type shelters formed in the field by use of low
dcnsity core mr~terials shall consist of all weather units in all
ranges or covered space provlsions, ilnluting maintenance of vehicles,
missile, and other mechanical/clectrical equipment, command posts,
air stationR, fire direction centers, personnel housing, collective
proteotion and othcr gcmcrul purpose requirements.

2. Msans shall be developed for fabricstion of shelters u=der
all enviroamental coniitiuLs as specifiea in AR 705-15.

3. Shelters shall be capable of being constructed for all oli-
mate operations to withstand steady winds of 60 miles per hour and
to support snow loads of 20 pounds per square foot. Features shall
be incorporated (in kit form if applicable) to permit the shelters
to be used in areas where sriow ioads reach 40 pouads per square foot
and win& loads correspond to velocities of 80 miles per hour with
gusts of 120 miles per hour.

4. The sbul2tru uhall be made of the smallest pocible number
of components and component types, and be capable of easy handling
"zd vapid erection by prcronnel within companl"R and bAttalionA.

5. The shelters shall be compatible with chemical, biological,
and radiological protection.

6. The shelters shall be durable, weatherproof and fire retard-
ant. They shall not be subject to appraciable weather deterioration,
or attack by insects, f'ungi, bacteria, or rodents.

7. Wearing surfaces, both exterior and interior, shall with-
stand normal barracks type use.

8. The completed system shall permit erection of variable
length shelters.

9. Provisions shall be made in the design of the shelters for
the installation of standard or fabricated on the site doors and
"windows ½coated on both sides and/or ends.

10. The shelter equipment shall be lightweight and portable for
field service, sufficiently rugged to withstand prolonged oeros-
country' movement and transportation In Phase II of airborne opera-
tions. It shall be designed with maximum simplicity co ensurate
with intended performance and be capable of manufacture in quantity
by modern fabrication methods.
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S• APPENDIX B

The Materials Branch
U. S. Army Engineer Research and Development Laboratories

Fort Belvoir, Virginia

ERD SM 3 October 1961

EVALUATION OF POLYFETHANE FOAM FROM BUILDING
FABRICA= BY RAVEN INDUBMST7T

Report No. 9579-1

Requested by: Special Equipment Branch

Authority: Project No. 8F71-04-001-04

1. The purpose of this work was to evaluate a sample of poly-
ufrethane foam taken from a shelter which was formed by spraying.
Tho foam was made from a Cock Paint Company product. The shelter
was fabricated by Raven Industries personnel, using equipment sup-
plied by that company.

2. The properties which were tested were de•,uty, flame re-
sistance, compreesive and flexural s.renngth, and the coer'ý.cients o0'
thermal expansion and thermal conductivity. They were determined in
accordance with the following procedureb:

a. Compressive Strength Fed. Spec. LP406b
Method 1031
Samples were I in. by I in. byS1I in.

b. Flexural Strength Fed, Spec. LP406b
Metlaod 1031

Specimens were I in. by 2 in.

by 6 in.
c. Density Fed. Spec. Lp4o6b

Method 5012

d. Fla- Resistance A flexural specimen was marked
with a crayon with lines spaced
1 in. apart. The specimen was
then held with a clamp at one
end in a horizontal position in



a hood and ignited with a Bunsen
burner at the unclamped end.
When the flame reached the first
line, thb burner was removed,
ad. the speed of propegation was
measured with a stop watch. If
the flame did not propagate be-
yond t•he first line, another
specimen was taken. This was
held in a vertical position, and
the teat was repeated. If the
flame did not propagate beyond
the ý±rst line wher the burn-r
was removed, the specimen was
considered self-extinguishing.
Otherwise the results were re-
ported in inches per minute when
the specimen was held in the
horizontal position.

e. Coefficient of Specimens approximately 12 in.
Thermal Expansion long and.I in. thick were meas-

ured both beforA and after being
exposed to a ýemperature differ-
ential of 2uu F. The thermal
conductivity was then calculated A
by using this data.

f. Thermal Conductivity A specimen approximately 0.10
in. thick was used in conjunc-
tion with a Cenco-Fitch heat
conductivity apparatus No. 77555.
In principle, the apparatus com-
prises a source of heat (boiling
water) at constant temperature

and pressure in contact with a
layer of the material under testI
and, on the other side of the
laysr, a receiving block of cop-
per of known thermal ca_acity.
The heat source and receiver are
provided with a thermocouple for
measuring the temperature differ-
ence between the two sides. A
galvanometer connected to appro-
priate birning posts shows a de-
flection proportional to the
temperature difference between
source and receiver.
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3, The results of the testswere as follows:

Density (lb/cu ft) 2.68
Compressive Strength (ps) 22
Flexural Strength (psi) 41
Flame Resistance (in./min.) Self-extinguishing
Coefficient of Thermal

Expansion (in./oc) 4.-7 x 1o-5
Coefficient of Thermal

Conductivity
(BTU/(hr)(sq ft)(0 F) (in.)) 0.63

4. The foam has very good flame resistance and exceptionally
high thermal conductivity. The latter may be attributed to the
weather at the time of foaming. The humidity was so high at one
time that a halt was called to the spraying. Evidently moisture had
been trapped in the foam, resulting in an increase in the coeffi-
cient of thermal conductivity (K factor). It was reported later by
Mr. Bartelmes and Mr. Hedrick of the Special Equipment Branch and by
Mr. Robertson of the Climatic Research and Test Branch that water
could be squeezed out of the foam from the wall on the inside of the
shelter. This may partially account for the unusually high density,
since it is understood +,hat the foam density was aupposed to be in
the neighborhood of 2.0 lb/cu ft. There was an accident during the
preparation of the foam which resulted in the loss of a quantity of
foaming agent.

5. It is concl~ded that the foam is outstanding in its high
Sfactor but that this may be due to the high humidity existing
during the foaming operation.

6. It is recommended that a further investigation be made of
the effects of atmospheric conditions on the qualities of foam pro-
duced by spraying.

Submitted by: S. GOIDFEIN
Chief, Plastics Section

Forwarded by: A. W. VAN HJLLIKOt
oa b Chief, Materials Branch

SF
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